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Abstract 
The aim of this work is to present a low cost schematic design (conceptual) for an ergonomic optical pointing device that would 
be comparable to a digital pen with equivalent dpi (dots per inch) handling capacity. The device will be based on the concepts 
of a normal commercially available optical mouse, but, in a pen-like casing. The device would enable handwriting and will be 
applicable in cases of direct human-computer interface in the fields of graphics, image-manipulation, digital note-taking and 
computer-display based classrooms. 
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1. Introduction 
A pointing device allows a user to input spatial data to a computer. The device may be non-responsive or 
responsive. A non-responsive pointing device merely points at the target. On the other hand, the responsive counter 
part may allow the user to manipulate the target. The proposed device, a responsive one, aims at providing an 
alternative to the digital pens already available in the market. This paper primarily aims at introducing the concept 
and schematics of the device and focuses on the design details. 
* Anurag Banerjee. Tel.: +91-8171-013-564. 
E-mail address: anu.bane.geu@gmail.com 
Comment [S1]: Elsevier t
and page numbers. 
 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license. 
lection and pe r-review under responsibility of the organ zing and r view committee of IConDM 2013
9 Anurag Banerjee and R.H. Goudar /  Procedia Engineering  64 ( 2013 )  8 – 15 
1.1.  
t. Fitts' law is often used to model human movement 
in cases of Human-Computer interaction and the ergonomics that predicts the time required to rapidly move to a 
target area and tells us that, it is a function of the distance to the target and the size of the target. Fitts' law is used 
to model the act of pointing, either by physically touching an object with a hand or finger, or virtually, by pointing 
to an object on a computer monitor using a pointing device. It was proposed by Paul Fitts in 1954. 
 
 
 
(1)  
 
T  is the average time taken to complete the movement. (Traditionally, researchers have used the symbol MT 
for this, to mean movement time.) 
 a  represents the start/stop time of the device 
 b  stands for the inherent speed of the device  
 D  is the distance from the starting point to the center of the target 
W  is the width of the target measured along the axis of motion. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Parts of standard optical mouse (courtesy: Agilent Systems). 
1.2. Pointing Devices 
1970 by Douglas Engelbart which was nothing short of a revolution for the desktop computing experience. Later 
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developments in the field were of course pressure sensitive pads upon which we moved calibrated high resolution 
-
laser pointers commonly used for presentation purposes. 
All these pointing devices are very well suited responsive devices, but, among them only the digital pen may be 
used for handwriting and drawing. The only drawback with the device is the cost factor besides hardware wear and 
tear (Since, pressure based devices are prone to degrade with use) -
drawback for the finger- nce we are accustomed to 
write with a pen or pencil. 
1.3. Aim of proposed device 
The aim of the proposed pointing device may be listed as under: 
 
 To provide pen like tangibility, ergonomically, 
 To make handwriting fluid and natural, 
 To interface the device with the OS such that the resolution handling is accurate (spatial coordinate 
detection), 
 To understand future requirements, 
 To keep the cost of the device reasonably low.  
 
Vertical  
2. Related works 
besides being a wireless device. The 
Pen Mouse features laser light emission and can also be used for pointing (non-responsive) at distant objects on a 
screen. The ergonomic design is well suited for ease of handling. 
Pen Mouse has a claimed resolution of 1200 dpi which is highly praise worthy. The only drawback as in the 
case of pressure sensitive devices is the cost. The Pen Mouse costs something around $59 which roughly translates 
to 3363 (all numerical figures use approximation as of the year 2013). So, the viability of the device is again 
jeopardized in Asian countries where cheaper devices are sought. 
It has to be kept in perspective that the majority of the end users shall be students or other researchers and 
teachers. 
Another notable work in this direction is the US patent number US2006/0109262A1, published on May 25, 
2006. The details of the work were classified at the time of writing this paper. The patented work again resulted in 
 
3. Technical Specifications 
A schematic representation of the Vertical Mouse will now be discussed. The Vertical Mouse is based on the 
commonly available optical mouse, as a starter, since LED based technology is cost effective at present. Later 
versions of the device may have a custom built microchip setup for the purpose. The discussion will first foretell 
some basic expectations and then an analysis of the schematic diagram will follow. 
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Fig. 2. Schematic diagram of working of vertical mouse.
Fig. 3. Pen casing for the device and positioning of the buttons.
3.1. Aim of proposed device[6]
Different ways of operating the mouse cause specific things to happen in the GUI:
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 Click: pressing and releasing a button. In this version the button shall be available on the side of the 
mouse.  
a) (left) Single-click 
b) (left) Double-click 
c) Right-click: In this design the button for this function is provided at the opposite end of the pen 
casing. 
 Drag: pressing and holding left button, then moving the mouse without releasing 
 Clicking while holding down a modifier (Ctrl, Alt, Shift) key. 
 Moving the pointer a long distance: When a practical limit of mouse movement is reached, one lifts up the 
mo -air. 
The alternative could be increasing the acceleration when surface limits are reached. 
 The proposed pointing device has to be checked for all these functional abilities besides any errors. 
3.2. Mouse Speed[8] 
The commonly used unit of mouse sensitivity is in terms of counts per inch (CPI), commonly expressed as dots 
per inch (DPI)  the number of steps the mouse will report when it moves one inch. If the default mouse-tracking 
condition involves moving the cursor by one screen-pixel or dot on-screen per reported step, then the CPI does 
equate to DPI: dots of cursor motion per inch of mouse motion. 
 
 
                                                          
 
The higher the CPI, the faster the cursor moves with mouse movement.  
In the driver software, when the mouse starts to m
from the mouse and will move the cursor across the screen by that number of pixels (or multiplied by a rate factor, 
typically less than 1). The cursor will move slowly on the screen, having a good precision. When the movement of 
the mouse passes the value set for "threshold", the software will start to move the cursor more quickly, with a 
greater rate factor. Usually, the user can set the value of the second rate factor by changing the "acceleration" 
setting. 
3.3. Schematic representation 
The fig 1 shown on page 2 provides a primitive idea of the Vertical Mouse. A clarification is in order that 
although the proposed name suggests, the device need not be in an absolute vertical position, but, tilted at a slight 
angle. 
The LED emits light which is bent outwards from the hull of the pen casing using prism and silvered surface; 
both of which are in the form of ring encompassing the sensor. The light is reflected from the surface (on which the 
mouse is used) and received by the sensor. The received data is then processed by the sensor processor and the 
driver software (at OS level).  
ADNS 2051 sensor 
to detect the received light reflected off the surface and the lens used is the HDNS 2021. See [Fig 1][4] (on page 2). 
Although the same parts may be used for the development of the Vertical Mouse, however, the present design 
of the parts might result in a device with greater radius than is required. The lens is basically plastic material and 
hence the required shape may be molded according to need. 
The sensor poses a problem, since the camera part is directly attached to the chip. The design presented in [Fig 
2] (on page 4) calls for a separation between the two. The proposed way for doing is to use optic fiber to transmit 
the optical data. 
The fig 1 shown above presents the overview of the commercial optical mouse. The lens as can be seen bends 
the light under the disc and sensor which is directly above the lens opening captures the images. 
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Fig. 4. Orientation of left click button, refer figure 3 to relate the position.
3.4. Accuracy Discussion
MacKenzie and others in their paper [2], have proposed a model for measuring accuracy of a pointing device.
This model is based on Movement Variability.
The standard measurement for the accuracy of a pointing device is in terms of throughput:
where IDe effective index of difficulty to reach target from a starting point (in bits), and 
MT speed in its reciprocal form.
Fig. 5. A notion of ring prism and sensor positioning.
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These gross measures of movement time and error rates were inadequate as stated in their paper. Movement 
variability on the other hand, takes into consideration such cases as:-
Say the user wants to activate menu item X1 to view its submenu. However, on its path it reaches menu item X2. 
So, temporarily the submenu of X2 will be activated which obviously affects user performance.
Hence, the performance of the proposed device has to be measured against the following parameters:
Target Re-entry
In cases where the cursor reaches the target, moves out of scope and re-reaches the target.
Task axis crossing
Each instance of cursor crossing the target path to move on the other side.
Movement Direction change
Every time the cursor changes the direction from its ideal target path, it is counted in MDC
Orthogonal Direction Change
Perpendicular digression from the path to the target object.
Movement Variability
In context of the model that is presented in this paper, we have to validate all the tests in terms of 
aforementioned parameters. When the tip of the device moves over the surface of operation, the physical
Another factor is to provide the buttons in the correct ergonomic position so that there is no fatigue in the
fingers of the user and no negative impact on the handwriting as well. See [Fig 3] (on page 4) and [Fig 4] (on page
6).
Fig. 6. Bottom view of ADNS-2051. Toughest part would be to separate the chip and the sensor. (courtesy: Agilent Systems)
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NOTES:
1. DIMENSIONS IN MILLIMETERS
(INCHES)
2. DIMENSIONAL TOLERANCE: ±0.1 mm
3. COPLANARITY OF LEADS: 0.1 mm
4. LEAD PITCH TOLERANCE: ±0.15 mm
5. CUMULATIVE PITCH TOLERANCE:
    ±0.15 mm
6. ANGULAR TOLERANCE: ±3.0
    DEGREES
7. MAXIMUM FLASH: +0.2 mm
8. CHAMFER (25 DEGREES × 2) ON THE
TAPER SIDE OF THE LEAD
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4. Challenges 
The key challenges for the product may be summarized below: 
 
 The ring shaped prism 
As is obvious from the figure below, the light from the LED is to be bent beneath the sensor by the prism, 
but, the ring shape may induce unwanted scattering or reflection. See [Fig 5] (on page 6). 
 The data carriage from the sensor device to the local processor 
This is not only difficult to implement, but also slow down the cursor speed on the screen. The sensor 
camera captures 1500 frames/second and if there is delay between capture and processing there may be 
inevitable data loss. 
In case of separation of chip and sensor the more viable option is to have a suitable sensor custom built for 
the purpose. This would bring in the cost considerations. See [Fig 6][4] (on page 7). 
 The pen shaped casing 
Although molding a casing is not really a challenge yet, it may be counted as one, since, it depends on the 
availability of resources at the implementation facility. 
There may be other challenges in terms of implementation, which can be resolved as and when a working model 
of the device is built for testing purposes. 
5. Conclusion 
        The device is a theoretical conception, the major advantage being ready availability and low cost, and if 
implemented would require a minimum of resources, with the added advantage that, initially fabrication of new 
microcontrollers would not be necessary. Hence it will have recognition and viability amongst the teacher-student 
fraternity that uses digital classrooms, as a new weapon in their arsenal. 
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